The city of Jeddah, the second major city in the Kingdom of Saudi Arabia (KSA), was severely damaged on November 25, 2009. A deadly and costly flash flood, which can be exacerbated in arid environments, occurred when more than 90 millimetres (3.5 inches) of rain fell in just four hours. A national disaster was declared. This extreme disaster has been a catalyst for attempts to advance our understanding of flash flood events and how to appropriately respond to their destructive nature. One-hundred and twenty people were killed, around 350 others were reported missing and approximately four billion Saudi riyals (one billion US dollars) of damage was caused. Considered to be one of the great of Saudi's cities, Jeddah is the economic capital of the country. It is the largest coastal town on the west coast, with a population of about 5.1 million and an estimated area of 5460 square kilometres. Based on its rapid urbanisation and population growth, a function of a multitude of parameters, a multi-criterion analysis using AHP and GIS was performed to comprehensively evaluate the environmental quality of the different municipal wards affected by Jeddah's flash floods. This research presents an analysis of the different factors that caused these flash flood events. The results indicate that the causes of these floods are related to a number of factors that significantly contribute to the worsening of flood disasters.
Introduction
than 1000 injuries and around 350 people to be reported missing. Unhelpfully, the only available rainfall data were limited to the weather station at King Abdulaziz International airport, north of the city, while the most extreme precipitation occurred over its southern part. Nevertheless, even though they do not reflect the true severity of the event these data were used to compare the simulation results.
Jeddah is the economic capital of the country, with a population of about 5.1 million and covering an estimated area of 5460 square kilometres as shown in Arabia, occupying a stretch of land 60 km long and 40 km wide. It is bound by latitudes 21˚15'00"N and 21˚55'00"N, and longitudes 39˚00'00"E and 39˚30'00"E.
The great majority of the drainage systems in the area are directed towards the west; at the extreme eastern part of the area, few systems are directed towards the east, and those that are have been ignored in this study.
A city of the Kingdom of Saudi Arabia, Jeddah (our study area) is considered the economic capital of the country. It is the largest seaport on the west coast, with a population of about 5. Natural disasters are considered the main cause of irrevocable damage worldwide [5] . Saudi Arabia experiences flood events annually in different areas [6] .
Many researchers have observed a relationship between land use changes and flood hazard using GIS-based analysis, such as Chang [7] , while others have ap- [18] , the evaluation of technology investment decisions [19] , layout design [20] and other engineering problems [21] .
Analytic Hierarchy Process (AHP)
Analytic Hierarchy Process [22] [23] is a multi-criterion, decision-making me- The AHP considers a set of evaluation criteria and a set of alternative options from which the best decision is to be made. It is important to note that, since some of the criteria might be conflicting, it is generally not true that the best option is the one that optimises each single criterion, but rather it is the one that achieves the most suitable trade-off among the different criteria.
The AHP generates a weighting for each evaluation criterion according to the decision-maker's pairwise comparisons of the criteria. The higher the weighting, the more important the corresponding criterion. Next, for a fixed criterion the AHP assigns a score to each option, according to the decision-maker's pairwise comparisons of the options based on that criterion. The higher the score, the better the performance of the option with respect to the criterion considered.
Finally, the AHP combines the criteria weightings and the options scores, thus determining a global score and a consequent ranking for each option. The global score for a given option is the weighted sum of the scores obtained with respect to all the criteria.
The AHP is a very flexible and powerful tool because the scores, and therefore the final ranking, are obtained on the basis of pairwise relative evaluations of both the criteria and the options provided by the user. The computations made by the AHP are always guided by the decision-maker's experience, and thus the AHP can be considered a tool that is able to translate evaluations (both qualitative and quantitative) made by the decision-maker into a multi-criterion ranking. In the AHP every single evaluation is very simple since it only requires the decision-maker to express how two options or criteria compare with each other, the load of the evaluation task may become unreasonable. In fact, the number of pairwise comparisons grows quadratically with the number of criteria and options.
The AHP can be implemented in three simple consecutive steps: 1) weight of the criteria vector, 2) matrix of option scores, 3) ranking of options.
Each step is described in detail in the following section. It is assumed that m In the ranking of options, once the weight vector w and the score matrix Q have been computed, the AHP obtains a vector v of global scores by multiplying Q and w, i.e. Jeddah included images, excel sheets, and so on. We then used GIS systems to convert the images to data based on the requirements of the APH method. As shown in Figure 4 , these risk area data were then assigned by experts to the following categories: very high, high, moderate, low, very low. The APH analysis integrates the spatial data in order to describe the causal factors of the phenomenon under investigation. Based on expert opinion and the data available, the danger areas were initially generated by numerically overlaying soil, drainage network, and slope and rainfall layers. In a second phase, each criterion was sorted according to the decision-maker's preference. Each factor was weighted according to its estimated significance for causing flooding. Inverse ranking was applied to these factors, with a factor of rank one being the least important and one of rank eight the most important. In the third phase the pairwise comparison method, developed by Saaty [23] , was used to determine the weight of each criterion.
Flood Risk General Procedure

Results and Discussion
The dataset contains the volume of rainfall from 1971 into 2012 for Jeddah City.
As shown in Table 1 and Figure 5 , the highest volume of rainfall occurred in Figure 6 shows preliminary factor structure for the compound potential hazard The rapid expansion of Jeddah city has caused a significant alteration of wadies that run through the city towards the red sea. The current situation of Jeddah wadies made this research focus on presenting the impact of the slope, distance from the sea, altitude, and land use on flood potential.
Hierarchic Structure of Risk Analysis
The HEC-RAS model was used to simulate flood depth and extend areas for peak discharges of 1510 mm (50-year return period) and 1670 mm (100-year return period). Table 2 show the matrix of the relative importance of evaluated items in the risk analysis. Figure 7 shows the weights for all nodes of the hierarchy. As can be seen, land use zoning has the most significant weight (40%), slope the least (8%).
After computing the weights for the all nodes of the hierarchy, we find the followings results. Figure 7 . Weights after computing analytic hierarchy process.
Slope Class
Youssef et al. [24] considers slope percentage to be a surface indicator of flood susceptibility. Slope plays a significant part in determining surface runoff velocity and vertical percolation, thus affecting flood exposure. Table 3 shows the assigned and normalized ranks for Slope class and Figure 8 shows the slope map for Jeddah, produced using ArcGIS 10.5.
Climatic factors combined with the erosion activity watercourses and groundwater are significant causes of slope deformations. In 2009 as a result of exceptionally heavy rainfall, the flood situation increased the number of slope deformations on some areas of Jeddah which made it necessary to have to calculate slope stability. Zhang et al. [25] presented in what way site-specific information on survival of loads a dyke was subjected to can be used for reliability updating with slope stability. A proposed methodology to investigate the effect of land-use/land-cover change on a slope and its stability by [26] . land-use data in a physically based slope stability model improves the prediction of slope movement patterns, and 3) to investigate the effect of past and future land-use change on slope movement susceptibility.
Distance from the Red Sea
Flood areas are at greater risk when they are close to a sea or river. Such areas are generally considered to have flood potential and must therefore be consi- Table 4 shows the assigned and normalized ranks for Distance from the red see class. The map in Figure 9 was produced using the buffer tool in ArcGIS 10.5 software, revealing five buffer categories. The distance intervals used were: 0 -20; 20 -80; 80 -140 and >140 km.
Altitudes Class
In accordance with Stieglitz et al. [27] , we included altitude in our calculations because it has a significant impact on the spread of flooding in the study area. Table 4 . Assigned and normalized ranks for distance from the red see class. A. Almodayan Table 5 shows the assigned and normalized ranks for Altitudes class. Stieglitz [27] considered altitude a very important factor in the control of both the overflow direction movement and the depth of the flood.
The altitude map of the Jeddah area was produced from ASTER DEM images of the area using ArcGIS 10.5 software, as shown in Figure 10 . It was grouped into five classes, as follows: 0 -100; 100 -200; 200 -1000; 1000 -2000 and >1000
-2000, representing classes 1 to 5 respectively.
Land Use/Land Cover
Norman et al. [28] considered land use/land cover to be vital in classifying those Table 5 . Assigned and normalized ranks for altitudes class. Table 6 shows the assigned and normalized ranks for Land use/land cover class.
Conclusion
This paper presents an analysis of GIS images of the disaster that occurred in Jeddah in 2009. Based on rapid urbanisation and population growth, which is a function of multiple parameters, a multi-criterion analysis was performed using Figure 11 . Land use/land cover class based on ArcGIS 10.5. Table 6 . Assigned and normalized ranks for land use/land cover class. 
